【総説】前庭系を介する起立時の血圧調節とその可塑的変化 by 森田 啓之 et al.
































































































































































図 3．3 g 暴露に対する血圧と交感神経活動の応答。左：上段は，Intact，すなわち圧受容器と前庭が正常なラット，
下段は，SAD (sinoaortic denervation)，すなわち前庭は正常で圧受容器の求心神経を徐神経したラット。右：3 g暴
露に対する交感神経活動とΔ血圧（血圧の変化分）の経時的変化。正常群 (Intact)，圧受容器徐神経群 (SAD)，前庭破










後に 9.4 ± 0.6 mmHg 及び 14.7 ± 1.0 mmHg の血圧
低下がみられる[16]。前庭を破壊し，圧受容器を除神経












系を電気刺激（galvanic vestibular stimulation, GVS）
して，重力変化に伴う前庭系への入力をマスクする方法
により，受動的 60°起立時の血圧維持における前庭－血





















ことが原因である use-dependent plasticity であると考
えられる[19, 20]。実際，前庭系への入力の指標である頭
部の動きは，過重力環境下では 1 g 環境下の 10—20％程
度に抑制される[19]。被験者実験でも同様であり，日常
の身体活動が低下している高齢者では，GVS の有無にか
















年代にスペースラボで行われた European vestibular 



































図 7．60° 起立時の血圧応答。Time 0 で起立を開始し，
6秒間かけて0から60° にまで姿勢変換。●GVS無， 〇
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Vestibular mediated arterial blood pressure control at standing and its 
plastic alteration 
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The vestibular organ, which perceive linear acceleration (gravity) and rotational acceleration, is 
involved not only in ocular movement and body stability, but also in blood pressure regulation via 
the sympathetic nerve. When the posture is changed from recumbent to standing, the direction of 
gravity changes, the hydrostatic pressure difference in the longitudinal direction increases, blood 
shifts downward, venous return and cardiac output decrease, and blood pressure decreases. At the 




increases sympathetic nerve activity (vestibulo-sympathetic reflex) and raises blood pressure 
(vestibulo-cardiovascular reflex). However, since this blood pressure control system regulates blood 
pressure not based on the blood pressure change but on the gravitational change, a control error 
occurs. This control error is corrected by the baroreceptor reflex, which is a negative feedback 
control system. Thus, the vestibular system and baroreceptor reflex work together to maintain 
blood pressure during postural changes. However, the vestibular system is highly plastic, and in 
an environment where the daily input to the vestibular system is reduced—the microgravity 
environment of the universe—the sensitivity of vestibulo-cardiovascular reflex is reduced. This 
may be related to the orthostatic hypotension seen in astronauts after returning from the 
microgravity environment. 
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